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SUMMARY 

A n  investigation was made i n  Langley tank no. 2 t o  determfne the 
effects   of  sweepback asd t ape r   r a t io  on the  cavi ta t ion and hydrodynamic 
force  characteristics  of  hydrofoils. Four hydrofoFla w e r e  wed,  three 
having a taper r a t i o  of 0.6 with Oo, 450J and 60° sweepback of  the 
quarter-chord  line, and the fourth havlng 45' sweep and a t ape r   r a t io  of 
0.3. All hydrofoils had an aspect   ra t io  of  4 and NACh 65A006 a i r f o i l  
sections i n  the streas~~~ise direction. 

In  order to eliminate the e f f ec t s  of the free-water surface and t he  
interference of supporting struts, the tests were made w i t h  semispan 
models mounted ver t ica l ly  in the  water on a ref lec t ion   p la te  similar t o  
wind-tunnel-wall mountings of semispan models. 

Increasing  the sweepback of  the  hydrofoils from 0 t o  45O resulted 
in an increase in cavi ta t ion speed, but a fur ther  increase t o  60° of 
sweep was of  l i t t l e  o r  no additional  benefit .  Sweepback decreased l i f t -  
drag  ra t ios  both i n   t he   cav i t a t ing  and noncitvitating  conditions. A 
change in t ape r   r a t io  from 0.6 t o  0.3 on a hydrofoil  with 45O of sweep- 
back resu l ted   in  only negligible effecte  on the cavitating speed and the  
force  characterist ics.  The cavi ta t ion speed  of the unewept hydrofoil a t  
moderate ead hfgh lift coefficients was higher than  that  computed from 
theoretical  pressure  distributions,  probably  because  of  boundmy-layer 
separation. The var ia t ion of cavi ta t ion speed  with lift coeff ic ient  of 
the swept hydrofoils was  slmilar to that of  the unswept hydrofoil. 

The hydrodynamic character is t ics  of the  hydrofoils a t  mbcavitation 
speeds were i n  reasonable agreement with  the aerodynamic characterist ic8 
of similar wings, and the  effecte  o f  sweep and taper  on the  subcavitation 
hydrodynamic characteristics were approximately  the same as fo r  w i n g s .  
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Large angles of sweep-have  been  med t o  reduce  the m a x i m  pressure 
coefficient of wings and thereby  increase  the  cri t ical  Mach  number and . 

al leviate   the  force break8  of  such w i n g s .  Since  the  inception of cavi- 
t a t ion  on hydrofoils i n  water is similarly related to the minimum pres- 
sure peaks, it would appear that sweep could  be  used t o  advantage t o  
increase  the speed a t  which cavitation  begins and possibly  to improve 
performance  under cavitating  conditions. 

" 

A preliminary  Investigation has accordingly  been made i n  Langley 
tank no. 2 of the  effects  of  sweepback a e l e  on the  forces and flow 
character is t ics  of simple hydrofoils a t  speeds up t o  90 f ee t  per second 

and Reynolds nurribers up t o  1.5 X 10 . The hydrofoils had W A  65AW6 6 
sec t ions   in   the  etrecmwise direction,  an  aspect  ratio o f  4, and were 
considered  favorable  for  operatfon  at  supercavltation  speeds. The ,plan 
forms used were selected from the  transonic-wing  plan-form  series  exten- 
sively  investigated  aerodynamically by the  National Advisory Committee 
for Aeronautics ( r e f .  1). They included sweepback angles of Oo, 45O, 
and 60° with a taper   ra t io  of 0.6, and a sweepback angle of 45O with a 
taper   ra t io  o f  0.3. . - L 

The hydrofoils were tes ted as semispan models  mounted ver t ica l ly  
below a horizontal  reflecti.on  plate submerged in  the  tank. This setup 
minimized possible  surface  effects and supporting-strut  interferences 
and enabled a direct   correlat ion of the  data  with  those  obtained  simi- 
larly with  wind-tunnel-dl  balances. 

A ( 2b) 
2s aspect  ratio, 

b .  span of  model, f t  

CD 

l i f t  coefficient, Model l i f t  
qs 

%/4 pitching-moment coeff ic ient   referred  to  c/4, 
Model pitching moment 

gs? 

. -  

. .. 

w 
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L 

€I free-stream  total  pressure, lb/sq ft 

rn M Mach number 

hiIl m-lnimrlm value of local  static  pressure, lb/sq ft 

PO free-stream  static  pressure, Ib/aq ft 

pv vapor  pressure, Ib/sg f t  

9 dynamic  pressure, $, lb/sq ft 2 

S area  of  model, sq ft 

Smax  pressure  coefficient corresponding t o  mfnfmum value of  local 
static  pressure, H - Pmin - 

¶ 

- v free-stream  speed,  ft/sec 

VC cavitation speed,  speed  at  which  cavitation  first  appears on 
hydrofoil,-  ft/sec 

- 
C mean  aerodynamic  chord, f t  

a angle  of  attack,  deg " 

P mass density of w a t e r ,  1.97 alug/cu ft for  these  tests 

v kinematic  viscosity of water, 1.21 X 10-5 sq ft/sec  for  these 
tests 

A semispan  model of each hydro fo i l  was tested.  Each  had an 
NACA 65~006 airfoil  section  (see  table I) parallel-to the  free-atream 
velocity,  an  area of - square foot,  a d  an aspect  ratio  of 4. In the 1 

16 
t same  manner as in reference 1, the  hydrofoila are designated by the 

. 1 
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plan-form variables, sweep, aspect  ratio, and t aper   ra t io .  Photographs 
and dimensioned sketches of the models are shown in figures 1 and 2, 
respectively. 

In  order t o  withstand  the hydrodynamic lift loading, which waa 
expected t o   a t t a i n  a value of about 2100 pounds per square foot- (1 atmos- 
phere),  the  hydrofoils were made of heat-treated chrome-vanadlum s t e e l  

having a modulus of e l a s t i c i ty  of approximately 30 X 10 6 . After  shaping 
t o  the required s ize  t o  a tolerance of k0.003 isch on the  section  coordi- 
nates,  the  surfaces were polished and electroplated. The. 60-4-0.6 hydro- 
f o i l  was nickel-plated and the  others were plated  with chromium, all t o  
a thickness of about 0.001 inch  for  protection  against  corrosion. 
Although the  plat ing on all   the  hydrofoils  except that on the 45-4-0.3 
deteriorated  during  the  tests, check t e s t a  showed negligible  effects of 
the change in   surface on the  character is t ics  of the  hydrofoils.. 

APPARATUS 

. 
X 

The tes ta  were made i n  Langley tank no. 2 by using a special  towing 
gear. The towlng  gear, shown in   f i gu res  3 and 4, was based on the w a l l  
mounting of semispan models . i n  wind tynnels and consisted of 8 stainless-  
s t ee l   r e f l ec t ion   p l a t e   a t   t he   roo t  chord  of the  hydrofoils  supported below 
the  water by a hollow stainless-s teel   fa i r ing and a framework attached 
t o   t h e  towing carriage. The fa i r ing  enclosed the  balance staff and the 
mounting flanges of the models. A circular  portion of the re f lec t ion  
plate  rotated  with c4ange i n  angle  of  attack of the model but was not 
connected t o  it. Photographs  of two of the models on the towing  gear 
are  shown i n  figure 5.  

The models were mounted on a tbree-component, electrical-resistance,  
strain-gage  balance  with  the axis of  the  balance at the 23-percent sta- 
t i o n  of the model root  chord.  Forces nornial and para l le l . to   the   roo t  
chord and pitching moments were read  on galvanometers o r  recorded on an 
oscillograph  with  suitable low-pass f i l t e r s   t o  reduce the "hashn caused .. 
by carriage  vibration and cavitation. 

It was necessary t o   i n s t a l l  a nunber of  seals as shorn in   f i gu re  6 
t o  minimize the  effects of  water  circulating  through  the  clearance gap 
between the  hydrofoil and the   re f lec t ion   p la te  and t o  keep water from 

entering  the  balance.  In  addition, an hir pressure of  about 1~ pounds 

per  square  inch was maintained  inside  the  balance  housing to   he lp  oppose 
the  f low of water into  the housing.  Fouling  contacts were located w e l l  
below the  lowest set of s t r a i n  gages in  the  balance so that  they  pro- 
vided an indication when water  entered  the  balance  housing. 

1 
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Before t h e   t e s t s  the re f lec t ion   p la te  w a s  d ined   wi th  the direction 
of motion by adjusting it un t i l   t he re  w a s  no change with  speed of the 

plate .  Underwater photographs of the p la t e  Fndicated no cavi ta t ion on 
its bottom surface at any speed up to the maxirmun speed of  the towing 
carriage. 

L stat ic   pressure measured a t  two or i f ices  on the  bottom surface  of the 

A velocity  survey made w i t h  a rake of total-pressure and s t a t i c -  
pressure  tubes mounted at the  hydrofoil  position showed that the ref lec-  
tion plate  and i ts  supporting  fairing had negligible  effect  on the water 
speed below the  plate .  The rake was cal€brated by towing it on a t h i n  
support below the water w i t h  only a small breaker plate   to   prevent  air . 
flowing down the  sides of the support. 

The thickness  of  the boundary layer under the re f lec t ion   p la te  at  
the posit ion of the hydrofoil  root was measured a t  speeds of from 4-0 
t o  70 f e e t  per second with a calibrated  total-pressure  tube of & - inch 

outside diameter and was found t o   b e  about 0.25 inch  thick as shown i n  
figure 7. M shown, this result agrees  reasonably w e l l  with.values com- 
puted for  the thickness of turbulent boundary l aye rs  ( r e f .  2).  

* 

Test Procedure 

The tests were ruade by se t t ing  the desired initial angle of  
a t tack  a and taking  readings  of normal force,  chordwise  force, and 
pitching moment about the bal-e axis over 8 range of speeds s t a r t i ng  
a t  x) feet   per second. A t  speeds up t o  60 f e e t  per. second, the  forces 
and moments were read on galvanometers. A t  higher speeds, the  internal  
damping  and lag i n  the meters were too great t o  allow suff ic ient  time 
for reading;  therefore,  the data were recorded on an  oscillograph. The 
maximum speed a t  any angle of a t tack  waa the speed a t  which w a t e r  entered 
the bottom of the balance housFng, or   the  top speed of the towing car- 
riage, 90 fee? per second. " 

The appearance and extent of cavi ta t ion on the  hydrofoils were 
determined by underwater pictures  taken with a stationary 35-millFmeter 
camera. Illumination was provided by high-intensity  strobo-flash lamp8 
under the  water whfch were fired by the  passage of the carriage. 

The sweptback hydrofoils, especially  the hLghly swept 60-4-0.6 
hydrofoil, twisted under a load so that a washout was produced. The 
amount of twisting w a s  approximated by applying normal force to the 
quarter-chord  line a t  the spanwise stations  of the centroids  of  the  panels 
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inboard and outboard of the- mean  aerodyIlEamic chord and measuring, for 
several  values of n o m  force,,'the  angular  deflection at the mean aero- 
dynamic chord and t h e   t i p  chord with  respect  to  the  root of the hydro- 
foil .   Figure 8 -shows the  twisting  obtained from this loading on the , 

t h e e  sweptback hydrofoils. The twist resul t ing at a given lift coeffi-  
c ient  on the  model-hydrofoil would be the same as that which would occur 
on a full-size  hydrofoil having the same  modulus of e las t ie i ty   operat ing 
a t   t h e  same l i f t  coegficient and speed. Also shown are  the maximum l i f t  
loadings  obtained dur ing  t he   t e s t s  of each swept hydrofoil. 

" 

Y 

Reduction of Data 

The hydrofoils were tes ted with t he i r  spanwise direction perpen- 
d i c u l a r  t o   t h e  water  surface and the towing gear had no measurable effect  
on the  velocity a t  the  hydrofoil  position. No corrections were made for  
any possible surface effects   or  f o r  any possible  reduction i n  aspect . 

r a t i o  due to the   f in i te   ex ten t  of the  ref lect ion  plate .  The hydrofoils 
were so small relatfve  to  the  cross-sectional  area of the  tank and re la -  
t i ve ly  so f a r  away from the walls that  corrections  for  the  closed ChaMel 
were considered t o  be negligible. 

The measured forces and moments were converted t o  llft, drag, and 
pitching moment about-the quarter-mean-aerodynamic-chord point and these 
values were then put in  coefficie-nt form. 

The pltching-moment data on all the  hydrofoils  except  the 0-4-0.6 
hydrofoil showed unexplained  variations t o  the  extent that i t s  accuracy 
was suspected. Acc-ordingly, pitching-moment data  are  given  for  the 
0-4-0.6 hydrofoil only .  

RFSULTS AND DISCUSSION 

Presentation of Results 

The r e su l t s  of the  tests  are  presented i n  the form o f  curves of 
lift coefficient,  drag  coefficient, and lif ' t-drag  ratio  plotted  against 
speed with-angle of attack as a parameter in figures 9 t o  12. A portion 
of the  drag-coefficient  plots  has been shown t o  an enlarged  scale  in 
order- to   faci l i ta te   reading.  The effects  of speed on the  hydrodynamic 
character is t ics   are  shown i n  figures 13 t o  16 i n   p l o t s  of angle of attack, 
d r a g  coefficient,   l if t-drag  ratio,  and pitching-moment coefficient  against 
lift coefficient.  Typical  cavitation  pictures  are  presented  in  f igures 17 
t o  X). 
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Although the  hydrofoils were mounted with t h e i r  spanwise axes per- 
pendicular t o   t h e  w a t e r  surface,  terms  relating  to lift, upper surface, 
lower surface, and the like are  used as though the hydrofoils w e r e  paral-  
l e 1   t o  the water surface  with  the lift acting upward. The angle of 
a t tack  of the  hydrofoil   root i s  referred t o  simply as angle  of  attack. 

L 

Effect of Cavitation on Eydsodynamic Characterist ics 

The principal  effect  of cavi ta t ion on the hydrodynamic character- 
i s t i c s  of the hydrofoils was t o  limit the maximum lift avai lab le   to  a 
value of about 1900 t o  2000 pounds per  square  foot,  except  for the 
60-4-0.6 hydrofoil, which had a maxirmzm l i f t  of only E l 0  pounds per 
s q w e  foot. The maximum lift per sguare foo t   fo r  -hydrofoils  other than 
the 60-4-0.6 occurred when the upper surface of the  hydrofoil  was almost 
completely  covered by cavi ta t ion and was approximately equal t o  the air- 
ference between the free-stream stat ic   pressure and the vapor pressure 
of the water. A similar value was observed in  reference 3-  For the 
60-4-0.6 hydrofoil, the low d u e  of the  mad- lift at ta inable  was 
probably  caused  by the load-relievfng  effect of the large twisting Mi- 
cated by figure 8. Figure l l (  a) indicates  that  the lift at ta inable  
m i g h t  be greater than 1210 pounds per square foot  at angles  of  attack  of 
8O and less .  J 

There were no l m g e  changes i n   t h e  hydrodynamic character is t ics  
u n t i l  a speed  appreciably greater than t h e   c a d t a t i o n  speed had been 
reached, at which speed the  cavi ta t ion had spread oyer an appreciable 
portion of the hydrofoil. Simflar ly ,   a i r foi ls  do not necessarily  experi- 
ence marked changes in   fo rces  when passing throughl the  cr i t ical  speed. 
As the  speed increased above cavi ta t ion speed, the -cavitation  spread over 
a greater portion of the hydrofoil and the lift coeff ic ient  a t  constant 
angle  of  attack  generally  increased somewhat and then  decreased  again t o  
meet and follow  the  curve  of maximum lift available. The drag  coeffi-  
cient  followed much the same trend but in  such a manner that the Hft- 
drag  ratio  generally tended t o  decreage with increase i n  speed. 

The effect o f  cavi ta t ion on t he  pitching-moment character is t ics  is 
illustrated in  figure g(d). Increasing the speed in the cavitating 
region  increased the cavi ta t ion area and produced a rather   rapid nose- 
down change i n  pitching-moment coefficient  (rearward  shfft of the  center 
of  pressure) of the unswept 0-4-0.6 bydrozoil a t  canatant angles of 
attack. This effect &E been  observed on airfoi le   passing  through  cr i t i -  
c a l  speed. As the  speed f o r  .any angle of a t tack  approached that corre- 
sponding t o  the lift available,  the rearward s h i f t  of the center 
of pressure  ceased and then  reversed and moved the center  of  pressure 
back  towards the leading edge. This change 8.grees"idth the var ia t ion 
obtained by considerFng the  spread of cavi ta t ion over the surface  of a 
hydrofoil  sectfon  to  be  equivalent to cut t ing  off  the peak  of the 
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upper-surface  pressure  distribution at the  value of the vapor pressure. 
of water. As  the speed  increasea.more of the peak i s  cut off and the 
increasing  contribution of the  pressure towards the   t r a i l i ng  edge moves 
the  center of pressure  rearward. When-the upper-surface  pressure i s  at X 

the vapor pressure over the complete  chord (sect ion completely  covered 
by cavitation o r  condition  of maxim l i f t  available),  the  center  of 
pressure  ie.approximately a t  the  50-percent-chord s ta t ion   as   the  lift 
would probably  be  provided mainly by the  upper-surface  .pressure  distri- 
bution, a t   l e a s t ,   u n t i l  speeds greater than those  of  the  present  tests 
are  reached. The pressure  distribution  over  the lower surface w i l l ,  o f  
course,  be changed from i t s  or iginal  shape by the change of shape of the 
upper-surface  pressure  distribution. 

- r .  

Effect of  Sweep on Cavitation and Force Characterist ics 

Cavitation on the unswept 0-4-0.6 hydrofoil first formed-in a narrow 
band new the  leading edge,  and extended far ther  chordwise with  increasing 
speed ( f ig .  17). Cavitation on the swept hydrofoils, at high  angles of 
attack, however, ( f igs .  18 and 19) spread  out from a point a t  the  root 
1eading.edge and  had the  general  appearance of the  vortex flow shown a'ia- 
grammatically in   f igures   5 (c)  and 5 ( d )  o fseference  4. This  type o f  flow 
was  more pronounced for  the  highly swept. 60-4,0.6 hydrofoil  than  for the 1 
45-4-0.6 hydrofoil. A t  low angles of attack,  the  cavltation on the swept 
hydrofoils  started  approximately a t  the-  ieading edge and progressed t o  an 
appearance intemediate  "between tha t  of vortex .flow and that of  the 
unswept hydrofoil. 

c 

The theoret ical   cavi ta t ion speed of the 0-4-0.6 hydrofoil was corn- 
puted from the  theore-tical  pressure  distribution  for  the 65AOO6 section 
given in   reference 5 By using  the  relation 

The r a t i o  of  the peak local. sectioa.1ift.coefficien.t t o   t h e  average lift 
coefficient was determined f r o m  reference 6 .  - This r a t i o  made the hydro- 
fo i l   cav i ta t ion  speed  about two f ee t  per second less than  that   for   uni-  
form spanwise l i f t   d i s t r i b u t i o n .  The actual  cavitation speed  of the 
hydrofoil  agreed  with  the  theoretical speed up t o  a lift coefficient of 
about 0.25 but was greater than the   theoret ical  at greater lift coeffi-  
c ien ts   ( f ig .  21). This resul t   indicates   that  at lift coefficients 
greater than 0.25, tSie negative  pressure-on  the upper surface of the 
hydrofoil w a s  less  than that predicted by theory. A ' s i m i l a r  collapse of 
the  pressure peak and the appearance of a region  of  approximately 
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.. constant  pressure on the NPFCA 64~006 a i r f o i l   s e c t i o n  was noted i n   r e f e r -  
epce 7 and w a s  shown t o   b e  caused  by  boundary-layer  separation. 

L 

Cavitation  speeds of the  NACA 64A006 a i r f o i l   s e c t i o n  computed from 
the  theoret ical   pressure  dis t r ibut ions of  reference 5 and from the  experi- 
mental  pressure  distribution of reference T a r e  compared in   f igure  22. 
It can  be  seen that they  follow  the same trends as do the  theoret ical  
and experimental  cavitation  speeds of the 0-4-0.6 hydrofoil having the  
65AW6 a i r f o i l   s e c t i o n - ( f i g .  21). 

Figure 21 shows the ef fec t  of sweep  on the observed and calculated 
cavi ta t ion speeds on a basis  of lift coefficient.  The calculated  cavi- 
t a t ion  speeds f o r   t h e  swept hydrofoils were obtained from the  calculated 
values  for  the  mawept  hydrofoil by using  the method of reference 8. It 
can  be  seen  that  the  observed  cavitation speed of the 45-4-0.6 hydrofoil 
was generally greater than that of  the 0-4-0.6 hydrofoil. The observed 
cavi ta t ion speed  of the 60-4-0.6 hydrofoil wa8 not much different  than 
that of the 45-4-0.6 hydrofoil. The same is true of the  calculated  cavi- 
t a t i o n  speeds f o r  these two hydrofoils. Throughout the r&nge of lift 
coefficients  investigated for the swept hydrofoils,  the  observed values 
of  cavitation speed w e r e  greater than  the  calculated  values. This d i f -  

viously mentioned. 
- ference i s  a t t r i b u t e d   t o   t h e  boundary-layer-sepaatLon phenomenon pre- 

- Figure 23 compares the  hydrodynamic f o r c e   c k a c t e r i s t i c s  of the 
hydrofoils w i t h  Oo, 450t and 60° sweepback. It c811 be seen that, through- 
out   the  ent i re  speed  range,  increasing  the  angle of sweep results i n  a 
deter iorat ion of lift coefficient w T t h  increasing speed and a,n increase 
i n  induced drag coefficient  with  increasing lift coefficient.  The e f fec t  
of  sweep on l i f t - d r a g   r a t i o   i n  both the  noncavitating and the   cavi ta t ing 
conditions is shown i n  figure 24. A t  l i f t  coefficients b e l o w  0.2 there 
is l i t t l e  decreaie h efficiency to 45O of sweepback. A t  greater l i f t  
coefficients and greater angles of  sweepback there was a large  decrease 
i n  l i f t -drag   ra t io .  These ef fec ts  me similar to  those observed on swept 
wings ( r e f .  1). 

Effect of Taper Ratio on Cavitation 8,nd 

Force  Characteristics 

The cavi ta t ion speeds of the  45-4-0.6 and 45-4-0.3 hydrofoils  are 
shown in   f igure  25. The  more highly  tapered  hydrofoil had s l i g h t l y  
greater   cavi ta t ion speeds than the 45-4-0.6 hydrofoil and displayed  the 
same tendency f o r  the cavi ta t ion speed to  be  higher  than  the  theoretical  
cavi ta t ion speed. 

c 
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Figwe 26 compares the hydrodynamic force  characterist ics of the 
45' swept hydrofoil w i t h  d i f ferent   taper   ra t ios  .. It i s  apparent that 
the  character is t ics  were not  greatly  affected by the change i n   t a p e r  
r a t io ,   e i t he r   i n  the cavitating  or  the  noncavitating  range. The small 
magnitude of the effect  of the change in t aper   ra t io  on the efficiency 
of the  hydrofoil is shown i n  figure 27. 

Comparison with Wfnd-.Tunnel Data 

Hydrodynamic force and moment character is t ics  of  the  hydrofoils a t  

a subcavitation speed (Reynolds nuniber of 0.5 X lo6) are  compared with 
low-speed aerodynamic character is t ics  a t  fa i r ly   l a rge  Reynolds numbers 
and with aerodynamic charac te r i s t ics   a t  low Reynolds nunibera and low sub- 
sonic Mach numbers in   f igure  28. The aerodynamic character is t ics  were 
obtained from references 1, 9, and 10, and from the wing-alone wall data 
presented i n  reference ll.. 

Although there was a small amount of cavitation on the hydrofoils 
a t   the   higher  l i f t  coefficients  for the speed  under consideration,  fig- 
ures 9 to 12 show that it had a negligible  effect  on the hydrodpamic 
characteristics, except  possibly at the stall ;   therefore,  the hydrodynamic 
character is t ics  of figure 28 may be  considered  representative  of  subcavi- 
ta t ion  character is t ics .  

In  general, the  hydrofoils a t  a Reynolds e e r  of 0.5 X lo6 had 
lower slope of the lift curve, greater induced drag, and lower lift coef- 
f i c i en t   fo r  t he  pitching-moment break than  the wings. T h i s  result may be 
due t o  an aspect-ratio  reduction  result ing from the f in i te   ex ten t  of the 
ref lect ion  plate .  The differences  in  l if t-curve slope axe in   qua l i t a t ive  
agreement with  the  separate  effects of Reynolds number and Mach  number 
on lift-curve  slope. The l i f t  coefficient at which the  pitching moment 
broke would be expected t o  be lower at low Reynolds numbers than at high 
Reynolds nunibers ( ref .  1). 

The resu l t s  of  an  Investigation t.0 determine the ef fec ts  of sweep- 
back and t aper   ra t io  on the  cavftation and  hydrodynamic force and 
pitching-moment character is t ics  of semispan hydrofoils having an  aspect 
r a t i o  of 4 and NACA 65~006 airfoi l   sect ions  led  to   the  fol lowing  conch-  
s ions : 

1. Increasing the sweepback of the  hydrofoils from Oo t o  45O 
r e su l t ed   i n  an increase fn   cav i t a t ion  speed, but a further  increase  to 

. 



60° of sweep gave l i t t l e   o r  no additional  increase. For these hydrofoils, 
sweepback decreased  l if t-drag  ratios  both  in  the  cavitating and noncavi- - tating  conditione. 

2. The t w i s t  occurring on the  hydrofoil  with 60° of sweepback was 
suff ic ient  to obscure  the  effect of i ts  angle of sweep. This twist was 
great enough t o  l i m i t  the  maximum lift of the 60' swept hydrofo i l   to  
I210 pom-ds per e'quare foot, whereas the  corresponding  values  for  the 
Oo and 45' sweptback hydrofofls w e r e  2050 and lgOa pounds per sgLzare 
foot,  respectively. 

3.  A change in  taper   ra t io  from 0.6 to .0 .3  o n  a hydrofoil  wtth 45O 
of sweepback resulted i n  only negligible  effects on the   cavi ta t ion speed 
and the  force  character is t ics .  

4. The cavitation speed  of the unswept hydrofoil a t  moderate and 
high lift coefficients waa higher than t h a t  computed from theore t ica l  
pressure  distributions,  probably  becauae of boundary-layer  separation. 
The var ia t ion of cavi ta t ion speed  with lift coeff ic ient  of the swept 
hydrofoils was similax t o  that of the =wept hydrofoil. 

- 5.  The hydrodynamic character is t ics  of the hydrofoil6 at subcavita- 
t i o n  speeds were in reasonable agreement with the aerodpandc  chaxacter- 
i s t i c s  of similar wings, and the   e f fec ts  of sweep and taper on the sub- 
cavi ta t ion hydrodynamic character is t ics  were approximately  the same as 
for  wings. 

L 

Langley Aeronautical  Laboratory, 
National  Advisory Committee f o r  Aeronautics, 

Langley Field, Va. 
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Figure 1. - Semispan hydrofoils. L-76955 
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Figure 2.- Dimensions of semispsm hydrofoils. A U  dimneions axe in inches. 
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Figure 3. - Towing gear. 
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Figure 4.- Sketch of towing gear. 
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Figure 5.- The 0-4-0.6 pad 63-4-9.6 hydrofoils mounted on the  towing gear,. 
c 



NACA RM L 5 m O  

0 I e 
I l l  I l l  

Figure 6.- Cross-sectional view of towing gear - 
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showing seals .  
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Figure 7.- Boundary-layer thickness on reflection plate at hydrofoil position. 
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Figure 8.- Angular deflection of sweptback  hydrofoil.^ due t o  load. 
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(a) L i f t  coefficient. 

Figure 9.- Variation with speed-of hydrodynamic characteristics 
of 0-4-a.6 hydrofoil. 



Speed, v, fpa 

( b )  Drag coefficient.  

Figure 9.  - Continued. 
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Figure 9 .  - Continued. 
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(a) Pitching-moment  coefficient. 

Figure 9. - Concluded. 



26 NACA RM ~ 5 2 ~ 1 0  

(a) Lift coefficient.  

Figure 10.- Variation with speed of hydrodynamic  characteristics 
of 45-4-0.6 hydrofoil. 
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(b)  Drag coeff ic ient .  

Figure 10. - Continued. 
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Figure 10. - Concluded. 
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(a) L i f t  coefficient . 
Figure ll.- Variation with speed of hydmdy-namic character is t ics  

af 60-4-0.6 hydrofoil. 
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Figure 12.- Variation with-speed of hydrodynamic character is t ics  
of 43-4-0.3 hydrofoil. 
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Figure 12. - Continued. - 
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Figure 13.-  Effect of speed on hydrodynamic character is t ics  
of 0-4-0.6 hydrofoil. 
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Figure 1.7. - Appearance of cav i ta t ion  on 0-4-0.6 hydrofoil .  

. .  



. . . . . . . 

. .  

(b) 4' angle of attack. 

Figure 17.- Concluded. 



(a) 14" angle of attack. 

Figure 18. - Appearance of cavitation on 45-44.6 hydrofoil. 
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(b) 8' angle of attack. 

Figure 18.- Continued. 
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( c )  6' angle o f  attack. =-i%&7 
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( a )  14' angle of attack. 

F i g u r e  19. - Appearance :of cavitation: on 60-4-0.6 hydrofoil. . 
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( b  ) 10' angle of attack. 

Flgure 19.- Continued. 
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Figure 19. - Concluded. 
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(b) 6' angle of attack. 

Figure 20. - Concluded. 
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Figure 21. - Effect or  sweep on cavitation speed. 
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(a) At constant angle of attack. 

Figure 23.- Effect of sweepback on hydrodynamic characteristics. 
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Figure 23. - Concluded. 
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(b) Speed, 60 feet per second. 

Figure 24. - Effect of sweep on lift-drag ratio. - 
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(a) A t  constant angle of attack. 

Figure 26.- Effect of  taper r a t i o  on hydrodynamic characterist ics.  
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(b) At constant l i f t  coefficient. 

Figure 26. - Concluded. 
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(b) Speed, V, 69 feet per  second. 

Figure 27.- Effect of taper on lift-drag ratio. - 
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(a) 0-4-0.6 hydrofoi land wing. 
28.- Comparison of hydrodynamic  characteristics of hydrofoi 

cavitation speeds and aerodynamic  characteristics of similar 
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wings. 



(b) 45-4-0.6 hydrofoil and King. 
Figure  28.- Continued. 
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(c) 60-4-0.6 hydrofoil and w i n g .  

Figure, 28. - Continued. - 
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